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©  A  coupon  (10,  12)  is  bonded  to  a  component  (20)  using  a 
bonding  agent  which  is  capable  of  withstanding  tempera- 
tures  only  up  to  a  selected  temperature  above  which  the 
bonding  agent  no  longer  holds  the  coupon  to  the  compo- 
nent.  The  component  (20),  during  an  operation,  is  intended 
for  exposure  to  temperatures  not  above  the  selected  temper- 
ature.  An  exposure  of  the  component  (20)  to  the  elevated 
selected  temperature  is  identified  by  the  fact  that  the  coupon 
(10,  12)  is  no  longer  bonded  to  the  component  after 
termination  of  the  operation.  When  the  component  (20)  is 
provided  with  insulation,  the  selected  temperature  is  chosen 
to  correspond  to  a  temperature  at  which  the  insulation  fails 
to  determine  the  integrity  of  the  insulation  after  the  opera- 
tion.  The  coupon  (10,  12)  may  be  bonded  to  an  exterior  or 
interior  surface  of  the  component.  With  an  exterior  bonded 
coupon,  visual  inspection  is  sufficient.  With  an  interior 
bonded  coupon,  detection  means  such  as  ultrasonic  in- 
strumentation  is  utilized  to  determine  the  presence  or 
absence  of  the  bonded  coupon. 
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@ A  coupon  (10, 12)  is  bonded  to  a  component  (20)  using  a  
bonding  agent  which  is  capable  of  withstanding  tempera- 
tures  only  up  to  a  selected  temperature  above  which  the 
bonding  agent  no  longer  holds  the  coupon  to  the  compo- 
nent.  The  component  (20),  during  an  operation,  is  intended 
for  exposure  to  temperatures  not  above  the  selected  temper- 
ature.  An  exposure  of  the  component  (20)  to  the  elevated 
selected  temperature  is  identified  by  the  fact  that  the  coupon 
(10,  12)  is  no  longer  bonded  to  the  component  after 
termination  of  the  operation.  When  the  component  (20)  is 
provided  with  insulation,  the  selected  temperature  is  chosen 
to  correspond  to  a  temperature  at  which  the  insulation  fails 
to  determine  the  integrity  of  the  insulation  after  the  opera- 
tion.  The  coupon  (10,  12)  may  be  bonded  to  an  exterior  or 
interior  surface  of  the  component.  With  an  exterior  bonded 
coupon,  visual  inspection  is  sufficient.  With  an  interior 
bonded  coupon,  detection  means  such  as  ultrasonic  in- 
strumentation  is  utilized  to  determine  the  presence  or 
absence  of  the  bonded  coupon. 



This  invention  relates  to  methods  of  and  apparatus  for  de tec t ing   or  

determining  the  exposure  of  a  component  to  a  selected  t empera tu re   above  

an  a m b i e n t .  

Heavy  oil  and  tar  sands  represent   huge  untapped  resources  of  l iquid 

hydrocarbons  which  will  be  produced  in  increasing  quanti t ies   to  help  

supplement  declining  production  of  conventional  crude  oil.  These  depos i t s  

must,  however,  be  heated  to  reduce  the  oil  viscosity  before  it  will  flow  to  

the  producing  wells  in  economical  quanti t ies.   The  dominant  method  of  

heating  is  by  injection  of  surface  generated  steam  in  either  a  con t inuous  

(steam  flood)  or  i n t e rmi t t en t   (steam  st imulation  or  "huff  and  puff")  m o d e .  

When  steam  is  injected  down  long  injection  pipes  or  "strings",  a  

significant  amount  of  thermal  energy  is  lost  to  the  rock  overburden  (150  to  

2130  m  or  500  to  7000  feet)  which  covers  the oil  deposit.  In  the  initial  s t e a m  

injection  projects,   the  price  of  oil  did  not  justify  the  prevention  of  this  h e a t  

loss,  but  now  with  the  price  of  oil  at  $30.00  or  more  a  barrel,  insu la t ion  

systems  for  the  well  injection  pipe  have  become  economically  j u s t i f i ed .  

Several  methods  are  known  for  determining  the  exposure  of  a 

component  to  an  excess  selected  t empera tu re   which  is  indicative  o f  

insulation  failure.  Such  methods  include  the  real  time  or  service  mon i to r i ng  

of  surface  t empera tu re   using  thermocouples ,   thermistors ,   t h e r m o m e t e r s ,  

optical  pyrometers   or  infrared  c a m e r a s .  

A  system  of  monitoring  the  input  and  output  fluid  t e m p e r a t u r e s   may  
also  be  utilized  for  determining  the  integrity  of  the  insulation,  where  t h e  

component  is  designed  for  conveying  a  fluid.  Additionally,  a  measu remen t   o f  

power  o u t p u t  



v e r s u s   fuel  consumpt ion ,   i.e.,  e f f ic iency ,   gives  on  indicat ion  of  the  state  of  t h e  

insulation  since  a  degraded  insulation  would  reduce  e f f i c i e n c y .  

In  all  of  the  a f o r e m e n t i o n e d   techniques,   once  the  component   has  cooled  t o  

ambient   t e m p e r a t u r e ,   the  evidence  of  thermal  failure  is  no  longer  present.  The  

t echn iques   must  be  exerc ised   during  real  time  and  thus  are  limited  to  c a s e s  

where  real  t ime  moni tor ing  is  possible  and  p r a c t i c a l .  

Off-l ine  Thermal  Testing  Techniques  are  also  known  which  either  d i r ec t l y  

establish  the  in tegr i ty   of  the  insulation  or  infer  this  in tegr i ty .   The  componen t  

is  removed  from  service  for  t e s t i n g .  

According  to  one  technique,   an  induced  heat  flow  using  an  induct ion 

heater   is  moni tored   by  an  infrared  camera   or  other  t empera tu re   sensing 

equipment .   A l t e rna t ive ly ,   the  component   can  be  placed  into  a  test  loop  in 

which  thermal   e f f ic iency   is  m e a s u r e d .  

Thermal   failure  can  be  inferred  in  an  off-l ine  s i tuat ion  by  observing  t h e  

condit ions  of  the  component   or  some  part  thereof ,   which  has  previously  b e e n  

exposed  to  overhea t ing .   Visual  inspection  may  de te rmine   severe  degrada t ion ,  

for  example ,   warping  or  melt ing  of  the  component   due  to  o v e r h e a t i n g .  

Discolora t ion   of  the  normal  surface   appea rance   is  also  a  clue  to  t h e r m a l  

failure.   This  d iscolorat ion  may  be  indicative  of  a  change  in  tempering  or  t h e  

like.  A  paint  that  pe rmanen t ly   changes  color  when  exposed  to  a  p a r t i c u l a r  

t e m p e r a t u r e   can  be  applied  to  such  things  as  s torage   tanks  in  c h e m i c a l  

f ac to r ies .   The  usefulness   of  such  a  paint  for  rugged  ex t reme   environments   has  

not  been  es tabl ished,   however ,   in  par t icu lar   for  oil  well  environments   w h e r e  

s team  is  injected  into  a  well  to  ex t rac t   otherwise  "frozen"  oil  suppl ies .  

It  is  known  to  utilize  injected  s team  to  ex t r ac t   such  oil  supplies.  Such 

s team  is  injected  into  a  well  using  an  insulated  s team  injection  tube  which,  in 

known  fashion,  comprises   inner  and  outer  coaxial  tubes  defining  between  t h e m  

an  annular  space  which  is  provided  with  insulation  means,  such  as  t h e r m a l  

insulation  and  evacua t ion   of  the  space  to  obtain  a  vacuum.  The  use  of 

insulation  be tween  the  coaxial  tubes  is  disclosed,  for  example,   in  U.S.  P a t e n t  

No.  3,574,357  to  Alexandru  et  al  and  U.S.  Pa ten t   No.  3,478,783  to  Doyle .  



A  prefer red   embodiment   of  the  present  invention  de sc r ibed  

hereinbelow  provides  a  technique,  including  a  method  and  apparatus,   f o r  

determining  the  exposure  of  a  component  to  a  selected  tempera ture   above  

an  ambient,   which  selected  tempera ture   corresponds,  for  example,  to  t h e  

t empera tu re   at  which  insulation  associated  with  the  component  has  fa i led .  

According  to  the  p refer red   embodiment,   a  thin  wafer  or  element,   h e r e  

collectively  termed  a  coupon,  is  bonded  to  a  surface  of  the  component  w i t h  

a  bonding  agent  or  substance  which  melts  or  degrades  at  or  above  s e l e c t e d  

t empera tu re .   If  the  operat ing  t empera ture   then  exceeds  its  design  l imi t s ,  

the  coupon  will  fall  off,  thereby  providing  a  ready  indication  of  t h e r m a l  

failure.  Such  a  technique  is  particularly  (but  not  exclusively)  suited  to  

conditions  experienced  in  oil  wells  where  delicate  ins t rumentat ion,   such  as  

thermocouples   and  the  like,  is  not  feasible.  The  wafer  or  element  may  be  

made  of  steel,  plastic  or  other  material ,   depending  on  the  environment,   w i t h  

the  bonding  agent  preferably  being  a  brazing  or  soldering  alloy  which  is 

designed  to  melt  at  a  par t icular   t empera tu re ,   an  epoxy,  or  the  like.  A 

number  of  coupons  designed  for  various  t empera tu re   ranges  may  be  a f f i xed  

to  a  component,   for  example  to  give  an  idea  of  the  severity  of  insula t ion  

failure.  Alternat ively,   a  single  coupon  or  wafer  may  be  utilized.  If  t h e  

component  has  an  outside  and  inside,  the  coupon  or  coupons  may  be  a d h e r e d  

either  to  the  outside  or  the  inside  of  the  component.   Part icularly  in  ha r sh  

environments,   such  as  those  of  an  oil  well,  it  is  best  to  adhere  the  coupon  t o  

the  interior  of  an  outer  tubular  component.   The  failure  of  the  bonding  a g e n t  

and,  thus,  loss  of  adhesion  between  the  coupon  and  inner  surface  of  t h e  

outer  tubular  component ,   can  be  detected  using  an  ultrasonic  t r ansduce r .  

As  described  hereinbelow,  it  is  within  the  scope  of  the  invention  t o  

use  the  bonding  agent  as  the  coupon,  i.e.  not  to  employ  both  a  bonding  a g e n t  

and  a  coupon . '  

According  to  the  invention  there  is  provided  a  method  of  d e t e c t i n g  

the  exposure  of  a  component   to  a  selected  t empera tu re   above  an  a m b i e n t ,  

during  an.  operation,  the  method  being  charac te r i sed   by: 

bonding  a  coupon  to  the  component  using  a  bonding  agent  which  

changes  state  from  a  solid  to  a  liquid  at  a  t empera tu re   which  is  equal  to  a t  

least  the  selected  t empera tu re ,   whereby  the  bonding  agent  no  longer  bonds 

the  coupon  to  the  component  when  the  component  is  exposed  to  the  s e l e c t e d  

t e m p e r a t u r e ;  



initiating  the  operat ion;   and  

observing  the  component   to  determine  whether  the  coupon  is  bonded 

to  the  c o m p o n e n t .  

The  invention  also  provides  apparatus  for  detect ing  the  exposure  of  a 

component  to  a  se lec ted   t e m p e r a t u r e   above  an  ambient  during  an  opera t ion ,  

the  apparatus  being  cha rac t e r i s ed   by  a  coupon  bonded  to  the  componen t  

with  a  bonding  agent  which  changes  state  from  a  solid  to  a  liquid  at  a 

t empera tu re   which  is  equal  to  at  least  the  selected  temperature   whereby  

the  bonding  agent  is  not  capable  of  bonding  the  coupon  to  the  componen t  

when  the  component  is  exposed  to  the  selected  t e m p e r a t u r e .  

Further,   the  invention  provides  an  insulated  steam  injection  t ube  

charac te r i sed   by: 

an  outer  t u b e ;  

an  inner  tube  mounted  within  the  outer  tube and  defining  an  annular  

space  between  inner  and  outer  tube  wal ls ;  

insulation  means  in  the  annular  space  for  insulating  the  outer  t ube  

from  the  inner  tube;  and 

a  wafer  bonded  to  at  least  one  of  an  inner  and  outer  surface  of  the  

outer  tube  with  a  bonding  agent  which  changes  state  from  a  solid  to  a  liquid 

at  a  t empera ture   which  is  at  least  equal  to  the  selected.  t e m p e r a t u r e  

whereby  the  bonding  agent  no  longer  bonds  the  coupon  to  the  outer  t ube  

when  the  outer  tube  is  exposed  to  the  selected  t empera ture   to  t he r eby  

indicate  an  exposure  of  the  outer  tube  to  the  selected  t e m p e r a t u r e .  

Also,  the  invention  provides  a  method  of  detect ing  the  exposure  of  a  

component  to  a  selected  t empera tu re   above  an  ambient,  during  an 

operation,  the  method  being  charac te r i sed   by: 

applying  a  bonding  agent  to  the  component,   which  bonding  agen t  

changes  state  from  a  solid  to  a  liquid  at  a  t empera tu re   which  is  equal  to  a t  

least  the  selected  t empe ra tu r e ,   whereby  the- bonding  agent  no  longer  

adheres  to  the  component   when  the  component  is  exposed  to  the  s e l e c t e d  

t e m p e r a t u r e ;  

initiating  the  operation;   and  

observing  the  bonding  agent  to  determine  whether  it  is  bonded  to  t he  

componen t .  

The  present  invention  further  provides  a  method  of  detecting  the  

exposure  of  a  component   to  a  selected  t empera tu re   above  an  ambien t ,  



during  an  operation,  the  method  comprising  bonding  a  coupon  to  the  

component   using  a  bonding  agent  which  is  capable  of  w i t h s t a n d i n g  

t e m p e r a t u r e s   only  up  to  the  se lected  t empera ture ,   above  which  the  bonding 

agent  no  longer  holds  the  coupon  to  the  component,   initiating  the  ope ra t i on  

and  observing  the  component  to  determine  whether  the  coupon  is  bonded 

t h e r e t o .  

The  invention  additionally  provides  apparatus  which  is  useful  in 

detect ing  exposure  of  the  apparatus   to  a  selected  t empera tu re   above  an 

ambient  during  an  operation,  the  apparatus  comprising  an  outer  tube,  an 

inner  tube  coaxial  to  the  outer  tube  and  insulation  between  the  inner  and 

outer  tube,  with  a  coupon  bonded  to  at  least  one  of  an  inner  and  o u t e r  

surface  of  the  outer  tube,  the  coupon  being  bonded  with  a  bonding  a g e n t  

which  is  capable  of  withstanding  t empera tu res   only  up  to  the  se lec ted  _  

t empera tu re ,   above  which  the  bonding  agent  is  no  longer  capable  of  ho ld ing .  

the  coupon  to  the  c o m p o n e n t .  

Preferred  apparatus  embodying  the  invention  and  desc r ibed  

hereinbelow  is  simple  in  design,  rugged  in  construction  and  economical  to  

m a n u f a c t u r e .  

The  invention  will  now  be  further  described,  by  way  of  i l l u s t r a t ive  

and  non-limiting  example,  with  re ference   to  the  accompanying  drawings,  in 

which:  

Figure  1  is  a  side  e levat ional   view  of  an  insulated  steam  in jec t ion  

tube  i l lustrating  a  typical  embodiment   of  the  i nven t i on ;  

Figure  2  is  a  view  similar  to  Figure  1,  i l lustrating  a n o t h e r  

embodiment   of  the  invention;  and  

Figure  3  is  a  r epresen ta t ion   of  two  displays  from  an  u l t r a son ic  

ins t rument   which  are  indicative  of  the  presence  and  absence  of  a  coupon.  

Figure  1  of  the  drawings  shows  a  wafer,  element  or  coupon  10  which  ° 

can  be  bonded  to  the  exterior   surface  of  an  outer  tube  20  of  an  insu la ted  

steam  injection  tube  generally  designated  30.  The  tube  30  comprises,  in 

addition  to  the  outer  tube  20,  an  inner  tube  22  which  defines  with  the  o u t e r  

tube  an  annular  space  24  which  can  either  be  filled  with  insulation  or  

exposed  to  a  vacuum  or  both  f o r  



insulating  the  inner  component   from  the  outer  component .   The  inner  space  26 

defined  by  inner  tube  22  receives   a  flow  of  s team  in  known  fashion.  With 

fai lure  of  the  insulation  means  in  space  24,  the  outer  tube  or  component   20  is 

exposed  to  a  t e m p e r a t u r e   above  ambient   t e m p e r a t u r e   and  above  a  design  l imi t .  

Such  insulation  failure  d ras t ica l ly   reduces  the  ef f ic iency  of  the  operation  in 

that   much  heat  is  lost  from  the  s team  before  it  can  be  utilized  to  extract   oils 

from  the  we l l .  

Coupons  10  are  bonded  to  the  outer  component   20  using  a  bonding  agen t  

which  is  designed  to  melt  or  degrade  at  and  above  the  s e l e c t e d  

o v e r t e m p e r a t u r e .   By  mounting  the  coupon  10 on  the  exter ior   of  component   20, 

simple  visual  inspection  of  the  component   upon  routine  removal  of  t h e  

components   from  the  well  will  d e t e r m i n e   the  presence  or  absence  of  t h e  

coupon,  thus  the  exposure  of  the  component   to  the  o v e r t e m p e r a t u r e .   In  view  of  

the  rigorous  environment   of  on  oil  well,  the  coupons  10  are  provided  wi th  

bevelled  edges  to  prevent  their  being  mechanica l ly   dislodged  from  their  bonded 

pos i t ion .  

An  a l t e r n a t i v e   embodiment  provides  for  the  bonding  of  one  or 

more  coupons  12  to  the  interior  surface  of  component   20.  Since  simple  visual 

inspection  now  becomes  impossible  for  de termining   the  presence  or  absence  o f  

the  coupon, an  ultrasonic  t r ansducer   34  shown  in  Fig.  2  can  be  utilized.  Such 

ul t rasonic   t ransducers   are  known  and  are  useful  in  de termining   the  thickness  of 

metal  parts .   Such  ul trasonic  t r ansducer s   are  discussed  in  the  p u b l i c a t i o n  

STEAM,  ITS  GENERATION  AND  USE,  39th  edition,  1978,  The  Babcock  & 

Wilcox  Company,  pages  31-7  and  31-8.  In  addition  to  ul t rasonic  t r a n s d u c e r s ,  

other  non-des t ruc t ive   examina t ion   techniques   such  as  the  use  of  eddy  c u r r e n t  

sensors  and  x-ray  means  may  be  useful  for  de tec t ing   the  presence  of  the  coupon 
and/or  the  bonding  agent  on  the  interior  surface   of  component   20.  Such 

techniques   are  meant  to  come  within  the  scope  of  the  claims  of  this  a p p l i c a t i o n .  

Ultrasonic   t ransducers   essent ia l ly   measure   the  wall  thickness  of  a  

component .   With  coupon  12  mounted   in  a  known  location  along  the  tube  20,  a n  .  

ul trasonic  ins t rument   32  can  be  ut i l ized  to  de te rmine   whether   the  coupon  is  a t  

the  position  or  not.  Even  if  the  coupon  is  held  at  the  position  by  t h e  



surrounding  insulation,  the  fact  that  the  coupon  is  no  longer  bonded  to  t h e  

interior  surface  of  tube  20  is  d e t ec t ed   by  the  u l t rasonic   instrument   in  that  t h e  

in te r face   which  is  es tabl i shed  between  the  coupon  and  the  inner  surface  is 

b roken .  

The  ul t rasonic  ins t rument   32,  using  an  ul t rasonic  t r ansducer   34,  g e n e r a t e s  

and  t r ansmi t s   ultrosonic  waves  shown  at  36  through  the  component   20  and,  w i t h  

coupon  12  adhered,   through  the  coupon  as  well.  A  CRT  display  38  is  utilized  t o  

de te rmine   the  presence  or  absence  of  the  coupon.  Al te rna t ive ly ,   a  d ig i ta l  

thickness  type  ul trasonic  ins t rument   can  be  utilized  which  provides  a  reading  of  

the  wall  thickness  direct ly  in  inches  or  mi l l imeters .   As  shown  in  Fig.  3,  c u r v e  

40  shows  the  CRT  display  when  the  coupon  is  gone  and  curve  42  shows  the  C R T  

display  when  the  coupon  is  in  place  and  bonded  to  the  componen t .   These  c u r v e s  

are  i l lus t ra t ive  and  do  not  necessar i ly   depict  the  exact  response  obtained  f o r  

any  par t icular   coupon  and  t r ansduce r   combinat ion.   A  discussion  of  t h e  

ultrasonic  testing  of  bonded  e l emen t s   can  be  found  in  Ul t rasonics ,   2nd  ed i t ion ,  

Carlin,  McGraw  Hill  1960,  at  page 270.   It  is  there  noted  that  the  bond  b e t w e e n  

metal  and  other  mater ial   can  be  shown  by  ultrasonic  tes t ing  and  that  when  t h e  

bond  between  the  bock  of  a  metal   part  and  o  mater ia l   bonded  thereto  is 

defec t ive ,   the  signal  of  the  t es te r   will  be  a f f e c t e d .  

In  manufac tur ing   the  p r e s e n t   apparatus ,   the  string  lengths  of  tubing  a r e  

provided  at  one  or  more  known  locations  with  coupons  10  or  12.  After  t h e  

strings  are  utilized  in  the  well  to  supply  steam  there to ,   they  are  withdrawn  and  

replaced  on  their  racks  in  known  fashion.  The  strings  can  then.  be  e x a m i n e d  

either  visually  for  exter ior ly   connec ted   coupons  or  using  ul t rasonic   i n s t r u m e n t s  

for  exter ior ly   bonded  coupons  to  de termine   the  in tegr i ty   of  insulation  of  e a c h  

string.  Strings  with  degraded  insulation  can  thus  be  e l imina ted   from  f u t u r e  

o p e r a t i o n s .  

Advantages   of  the  p r e s e n t   t e c h n i q u e   i n c l u d e   the  f a c t   t ha t   t h e r m a l  
i n t e g r i t y   can  be  e s t a b l i s h e d   e a s i l y   and  q u i c k l y ,   no  r e h e a t i n g   of  t l e  
component  is   n e c e s s a r y ,   i n e x p e n s i v e   and  p o r t a b l e   t e s t   equipment  can  b e  
u t i l i z e d   i n  a   f a s t   manner  by  u n s k i l l e d   o p e r a t o r s   and  the  t e s t i n g   o p e r a t i o n  

is  of  the  s imple  "go-no-go"   t y p e .  



As  compared   with  point  which  changes   color  upon  the  exposure  to  a 

se lec ted   t e m p e r a t u r e ,   the  p resen t   t e c h n i q u e   is   advantageous  in  that  no  f a l s e  

r e a d i n g   can  be  p r o v i d e d   by  c o n t a m i n a t i o n   with  d i r t   o r  o t h e r   chemical   r e a c t i o n s  
as  i s   the  case  fo r   the  p a i n t .   Also,  no  s u b j e c t i v e   d e c i s i o n   is  r e q u i r e d   i n  

d e t e r m i n i n g   whe ther   a  co lo r   change  has ,   in  f a c t ,   taken  p l a c e .  

The  bonding  agent  itself  may  be  used  as  the  c o u p o n .   The  t r a n s d u c e r  

measures   the  thickness  of  the  bonding  agent  as  well  as  the  coupon  t h i c k n e s s  

especial ly  if  the  bonding  agent  is  meta l l ic .   The  bonding  agent  may  be  placed  in 

the  annulus  with  the  tubes  in  a  horizontal   position  for  baking-out  the  tubes  

(heating  the  tubes  to  remove  gases  from  the  surfaces  thereof).  The  tubes  a r e  

then  allowed  to  cool  and  the  bonding  agent  solidify  on  the  interior  surface  of  

the  outer  tube  while  the  tubes  are  still  hor izonta l .   The  bonding  agent  may  be  

provided  as  a  solidified  puddle  or  a  small  reservoi r   may  be  provided  in  the  outer  -  

tube  wall  to  contain  i t .  

It  is  possible  that  a  high  t e m p e r a t u r e   could  cause  the  bonding  agent  t o  

melt  and  fall  toward  the  bot tom  of  the  tubing  but  t h a t   the  coupon  m a y  

remain  in  position  because  of  being  held  t h e r e  b y   the  insulation.  However,   in 

such  a  case,  the  tubing  wall  thickness  only  would  be  measured,  since  sonic  w a v e s  

(typically  3  to  5  megahe r t z   waves)  will  not  cross  the  interface  with  the  coupon  
if  the  coupon  is  not  bonded  to  the  wall.  The  bond  must  be  a  solid  bond  t h a t  



excludes  air.  If  the  coupon  were  only  par t ia l ly   bonded,  a  skilled  operator   would 

recognize  it  and  move  the  instrument  around  for  additional  m e a s u r e m e n t s .  

An  advan tage   of  the  coupon,  however ,   over  just  a  bonding  agent  is  t h e  

added  th ickness   of  the  coupon  for  easier  m e a s u r e m e n t .   The  coupon  may  be  in 

the  form  of  a  c i r cumferen t i a l   ring  which  allows  for  easy  de te rmina t ion   of  t h e  

location  for  taking  the  measurement   by  measuring  a  specified  distance  f r o m  

one  end  of  the  c o m p o n e n t .  

Rings  40  may  be  welded  around  the  coupons  (when  the  coupons  are  bonded  -  

to  the  exter ior   surface  of  the  outer  tube)  to  protect   them.  Also,  they  may  hove  

beveled  edges  for  additional  p ro tec t ion .   A l t e r n a t i v e l y ,   the  coupons  may  b e  

located  in  recesses   or  notches  in  the  surface   of  the  outer  tubular  20. 

Refe r r ing   to  Fig.  3,  the  distance  along  the  x-axis  represents   time  which  is 

related  to  thickness  of  material   in  which  a  signal  is  r eve rbe ra t ing .   D i s t a n c e  

along  the  y-oxis  represents   signal  s t reng th   each  time  the  wave  is  measured  by 

the  ins t rument   as  it  r everbera tes   within  the  mate r ia l .   Points  A  and  B  r e p r e s e n t  

the  s t rength  of  the  initial  exc i ta t ion   pulse  of  the  t ransducer .   The  distance  C 

represents   the  wall  thickness.   Point  D  indicates   a  re f lec t ion   of  substant ia l ly   all  

of  the  energy  of  the  signal  to  the  wall  surface ,   and  point  E  indicates  a n o t h e r  

r eve rbe ra t ion   of  the  signal  through  the  wall  thickness  with  there  being,  of  

course,  some  energy  loss.  Point  F  r ep re sen t s   a  subs tant ia l ly   lesser  ref lect ion  of  

energy  of  the  signal  through  the  wall  since  a  substant ia l   amount  of  the  e n e r g y  

continues  to  travel   through  the  coupon.  Points  G,  H,  I,  and  J  r e p r e s e n t  

reverbera t ions   of  the  signal  in  the  coupon  with  successive  loss  of  energy  on 

each  r eve rbe ra t i on .   Distance  K  t he re fo re   r ep resen t s   coupon  t h i c k n e s s .  

The  annular  space  between  the  inner  and  outer  tubes  or  tubulars  m a y  

advantageous ly   be  insulated  with  fibrous  or  layered  insulation,  and/or  e v a c u a t e d  

to  establish  a  thermal  barrier.  The  space,   when  evacua ted ,   may  also  be  

provided  with  a  get ter   material  which  absorbs  gas  that  may  migrate   into  t h e  

spoce,  to  mainta in   the  vacuum.  Such  gases  include  hydrogen  from  corrosion  of 

the  outer  tube  and  N2,  CO  or  02  which  is  outgassed  from  the  inner  tue.  The  

getter  mater ia l   (e.g.  t i tanium)  is  placed  adjacent   the  inner  tube  so  as  to  be  

exposed  to  the  e levated  steam  t e m p e r a t u r e   of  204°  C  to  371  °C  (400°F  to  7 0 0 ° F ) ,  
and  a c t i v a t e d   to  more  e f f e c t i v e l y   absorb   the  s t r a y   g a s e s .  



1.  A  method  of  de tec t ing   the  exposure  o f   a  component   to  a  s e l e c t e d  

t empera tu re   above  an  ambient ,   during  an  o p e r a t i o n ,  t h e   method  being 

cha rac te r i sed   by: 

bonding  a  coupon  (10,  12)  to  the  component  (20)  using  a  bonding  a g e n t  

which  changes  s tate   from  a  solid  to  a  liquid  at  a  t empera tu re   which  is  equal  -  

to  at  least  the  se lec ted   t empe ra tu r e ,   whereby  the  bonding  agent  no  longer  

bonds  the  coupon  (10,  12)  to  the  component  (20)  when  the  component  is 

exposed  to  the  se lec ted   t e m p e r a t u r e ;  

initiating  the  operat ion;   and 

observing  the  component   (20)  to  determine  whether  the  coupon  (10, 

12)  is  bonded to  the  c o m p o n e n t .  

2.  A  method  according  to  claim  1,  wherein  the  bonding  agent  melts  a t  

the  se lected  t e m p e r a t u r e .  

3.  A  method  according  to  claim  1,  wherein  the  bonding  agent  degrades  

at  the  selected  t e m p e r a t u r e .  

4.  A  method  according  to  claim  1,  claim  2  or  claim  3,  wherein  the  

component   (20)  is  insulated  at  an  inner  surface  thereof   by  insulation  means ,  

a t t a inment   of  the  se lec ted   t empera tu re   being  indicative  of  a  failure  of  t he  

insulation  means .  

5.  A  method  according  to  claim  4,  including  bonding  the  coupon  (12)  to  

the  inner  surface  of  the  component   (20). 

6.  A  method  according  to  claim  5,  wherein  the  step  of  observing  t he  

component   (20)  to  de te rmine   whether  the  coupon  (12)  is  bonded  to  t h e  

component   comprises  sonically  measuring  thickness  through  the  c o m p o n e n t  

and  any  coupon  bonded  there to   at  the  locaticn  where  the  coupon  was  bonded 

to  the  c o m p o n e n t .  



7.  A  method  according  to  any  one  of  claims  1  to  4,  including  bonding  t he  

coupon  (10)  to  an  external   surface  of  the  component  (20)  and  observing  t h e  

component   visually  to  de te rmine   whether  the  coupon  is  bonded  to  t h e  

c o m p o n e n t .  

8.  A  method  according  to  any  one  of  claims  1  to  4,  wherein  the  coupon 

(12)  is  bonded  to  the  component   (20)  on  one  side  thereof,   and  the  step  of  

observing  the  component   (20)  includes  detecting  from  the  other  side  of  the  

component  whether  the  coupon  is  bonded  to  said  one  s ide.  

9.  A  method  according  to  any  one  of  the  preceding  claims,  wherein  t he  

bonding  agent  is  solder  chosen  from  a  group  consisting  of  a  t in alloy,  a  l ead  

alloy,  a  silver  alloy  and  a  copper  alloy.  - 

10.  Apparatus   for  de tec t ing   the  exposure of   a  component   to  a  s e l e c t e d  

t empera tu re   above  an  ambient   during  an  operation,  the  apparatus   being 

charac te r i sed   by  a  coupon  (10,  12)  bonded  to  the  component   (20)  with  a 

bonding  agent  which  changes  state  from  a  solid  to  a  liquid  at  a  t e m p e r a t u r e  

which  is  equal  to  at  l e a s t  t h e   selected  t empera tu re   whereby  the  bonding 

agent  is  not  capable  of  bonding  the  coupon  (10,  12)  to  the  component   (20) 

when  the  component   is  exposed  to  the  selected  t e m p e r a t u r e .  

11.  An  insulated  steam  injection  tube  (30)  charac te r i sed   by: 

an  outer  tube  (20); 

an  inner  tube  (22)  mounted  within  the  outer  tube  (20)  and  defining  an 

annular  space  (24)  between  inner  and  outer  tube  walls;  

insulation  means  in  the  annular  space  (24)  for  insulating  the  o u t e r  

tube  (20)  from  the  inner  tube  (22);  and 

a  wafer  (10,  12)  bonded  to  at  least  one  of  an  inner  and  outer  s u r f a c e  

of  the  outer  tube  (20)  with  a  bonding  agent  which  changes  state  from  a  solid 

to  a  liquid  at  a  t empera tu re   which  is  at  least  equal  to  the  s e l e c t e d  

t empera tu re   whereby  the  bonding  agent  no  longer  bonds  the  coupon  (10,  12) 

to  the  outer  tube  (20)  when  the  outer  tube  is  exposed  to  the  s e l e c t e d  

t empera tu re   to  thereby  indicate  an  exposure  of  the  outer  tube  to  the  

selected  t e m p e r a t u r e .  



12.  A  method  of  de tec t ing  the  exposure  of  a  component   to  a  s e l e c t e d  

t e m p e r a t u r e   above  an  ambient ,   during  an  operation,  the  method  being 

cha rac te r i sed   by: 

applying  a  bonding  agent  to  the  component   (20),  which  bonding  agen t  

changes  state  from  a  solid  to  a  liquid  at  a  t empera tu re   which  is  equal  to  a t  

least  the  selected  t e m p e r a t u r e ,   whereby  the  bonding  agent  no  longer 

adheres  to  the  component   (20)  when  the  component  is  exposed  to  t he  

se lected  t e m p e r a t u r e ;  

initiating  the  operat ion;   and  

observing  the  bonding  agent  to  determine  whether  it  is  bonded  to  the  

component   (20). 

13.  A  method  according  to  claim  12,  including  bonding  a  coupon  (10,  12) 

to  the  component   (20)  using  the  bonding  agent  and  observing  the  componen t  

to  determine  whether  the  coupon  is  bonded  to  the  component  after  t he  

initiation  of  the  o p e r a t i o n .  

14.  A  method  according  to  claim  12,  including  applying  at  least  two 

bonding  agents  having  d i f ferent   melting  t empera tu res   to  the  componen t  

(20). 

15.  A  method  according  to  claim  13,  including  bonding  at  least  two 

coupons  (10,  12)  to  the  component   (20)  using  two  dif ferent   bonding  agen ts  

having  di f ferent   melting  poin ts .  

16.  A  method  according  to  claim  12,  wherein  the  component  (20) 

comprises  an  outer  tubular  member   of  an  insulated  steam  injection  tube  (30) 

formed  of  the  outer  tubular  member   (20)  and  an  inner  tubular  member  (22) 

spaced  inwardly  of  the  outer  tubular  member  and  forming  an  annular  space  
(24)  therewith,   the  bonding  agent  being  applied  to  at  least  one  of  an  inner 

and  outer  surface  of  the  outer  tubular  member  (20). 

17.  A  method  according  to  claim  16,  including  bonding  a  coupon  (10,  12) 

using  the  bonding  agent  to  the  outer  tubular  member  (20). 



18.  A  method  according  to  claim  17,  wherein  the  coupon  (10,  12)  has  

bevelled  edges .  

19.  A  method  according  to  claim  17  or  claim  18,  including  applying  the  

bonding  agent  and  connect ing  the  coupon  (10)  to  an  outer  surface  of  t h e  

outer  tubular  member  (20)  and  applying  a  ring  (40)  around  the  coupon  for  

protec t ing   the  coupon .  

20.  A  method  according  to  claim  12,  wherein  the  bonding  agent  is  applied 

to  the  component   (20)  on  one  side  thereof,  and  the  step  of  observing  t he  

component   (20)  includes  detect ing  from  the  other  side  of  the  componen t  

whether  the  bonding  agent  is  bonded  to  said  one  s ide.  
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